1. Introduction {#sec1-ijerph-15-02100}
===============

The global prevalence of diabetes mellitus is continuously rising. Nowadays, almost 366 million people worldwide have diabetes mellitus; it is estimated that by 2030 diabetes mellitus will affect 552 million people \[[@B1-ijerph-15-02100]\]. In Mexico, the prevalence of this disease is on the rise. In 1993, the prevalence of diabetes mellitus was 4.6%; in 2007, it increased to 7.30%; in 2012, 9.17% of the general population had the disease \[[@B2-ijerph-15-02100],[@B3-ijerph-15-02100],[@B4-ijerph-15-02100]\].

Coffee is the most consumed beverage in the world. It is a complex mixture of thousands of compounds including caffeine, phenolic compounds, niacin, minerals, and fiber \[[@B5-ijerph-15-02100]\]. With regard to diabetes, the literature suggests that sub-clinical inflammation has been implicated in the development of insulin resistance and coffee consumption may improve insulin sensitivity by decreasing inflammation \[[@B6-ijerph-15-02100],[@B7-ijerph-15-02100],[@B8-ijerph-15-02100]\] (for a more detailed description of the mechanism, see \[[@B5-ijerph-15-02100],[@B9-ijerph-15-02100]\]). Recently, many studies have encountered a protective association between coffee consumption and type 2 diabetes mellitus \[[@B6-ijerph-15-02100],[@B10-ijerph-15-02100],[@B11-ijerph-15-02100],[@B12-ijerph-15-02100],[@B13-ijerph-15-02100],[@B14-ijerph-15-02100]\]. This protective effect has been observed in different countries and populations such as African American women \[[@B10-ijerph-15-02100]\], populations of California, Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania \[[@B15-ijerph-15-02100]\], and other states of the American Union \[[@B12-ijerph-15-02100]\], as well as the Taiwan-Chinese population \[[@B11-ijerph-15-02100]\], the Brazilian population \[[@B16-ijerph-15-02100]\], the Singapore-Chinese population \[[@B17-ijerph-15-02100]\], the Malay-Chinese and Indian populations \[[@B6-ijerph-15-02100]\], and other population samples \[[@B18-ijerph-15-02100],[@B19-ijerph-15-02100],[@B20-ijerph-15-02100]\]. Moreover, a first meta-analysis reported that habitual coffee consumption was associated with a substantial lower risk for type 2 diabetes \[[@B21-ijerph-15-02100]\]. Similarly, in a second meta-analysis, high intake of coffee was associated with a reduced risk for diabetes \[[@B22-ijerph-15-02100],[@B23-ijerph-15-02100]\]. However, at the present time, there are no reports in the Mexican population evaluating the association between coffee consumption and diabetes mellitus. The consumption of coffee per capita in Mexico is 1.41 kg every year \[[@B24-ijerph-15-02100]\]. This consumption is much lower than that reported for developing countries \[[@B25-ijerph-15-02100]\]. Additionally, Mexico is among the countries with major prevalence of diabetes mellitus \[[@B26-ijerph-15-02100]\]. Thus, it is important know the association between coffee consumption and prevalence of self-reported type 2 diabetes in the Mexican population, particularly when designing programs to prevent or treat diabetes mellitus in the Mexican population. We performed a cross-sectional association study to assess the possible protective effect of coffee intake against type 2 diabetes mellitus in a population of Southeastern Mexico who self-reported having diabetes.

2. Materials and Methods {#sec2-ijerph-15-02100}
========================

2.1. Participants {#sec2dot1-ijerph-15-02100}
-----------------

We designed a cross-sectional population-based survey for individuals living in Comalcalco. Comalcalco is a municipality of Tabasco with 41,458 inhabitants, which represented 21.5% of the overall population of Tabasco State at the moment of the study. The inclusion criteria were individuals 18--79 years of age and residents of the Comalcalco municipality. The exclusion criteria were individuals who did not complete the interview, and individuals who did not sign the informed consent. In a simple random sampling, a total of 1400 people were surveyed. However, only 1277 people completed the inclusion criteria and were enrolled in this study.

2.2. Ethics Statement {#sec2dot2-ijerph-15-02100}
---------------------

We only surveyed individuals descending from Mexican parents. The retrieved data were confidential. Before the interview, participants were informed about the aims of the study and signed a declaration of informed consent. This study was conducted according to the guidelines laid down in the Declaration of Helsinki. This study was approved by the DAMC-UJAT Ethics and Research Committee (UJAT-DAMC-2012-03), as well as by the ethics committee of the Ministry of Health of Tabasco (INV/262/C/0512).

2.3. Data Collection {#sec2dot3-ijerph-15-02100}
--------------------

We designed a cross-sectional population-based survey and a questionnaire to obtain information regarding different habits and health conditions between healthy individuals and people with type 2 diabetes. A semi-structured questionnaire was designed specifically for this study, which was used to collect detailed data of sociodemographic characteristic (gender, age, socio-behavioral aspects, years of schooling), health habits (cigarette smoking and alcohol intake), and coffee consumption (Cronbach's alpha 0.69). The frequency of coffee intake ranged from none to six cups or more per day. However, the number of participants who drank more than 5 cups per day was small; therefore; we decided to change the category of 4--6 cups per day into ≥4 cups per day (4 cups, *n* = 9, 5 cups, *n* = 36, 6 cups, *n* = 7). For the analysis, we combined two types of coffee consumption: instant and filtered. Participants were interviewed by nurses and medical students. The questionnaire was applied in person. For sample calculation, we used an a priori model, α = 0.05, and 70% prevalence for coffee intake was considered. Precision of 2.0% was adopted. Sample size = 1188, with a power of 0.95.

2.4. Anthropometric Measurements {#sec2dot4-ijerph-15-02100}
--------------------------------

The following parameters were collected: height, weight, and blood pressure. These measurements were collected as previously reported \[[@B27-ijerph-15-02100]\].

2.5. Definition of Type 2 Diabetes {#sec2dot5-ijerph-15-02100}
----------------------------------

Self-reported diagnoses of diabetes were rendered by the participants. During the assessment of self-reported diagnosis, the time of onset of diabetes (in years) was obtained. In addition, a supplementary questionnaire regarding symptoms was applied to confirm the diagnosis of this illness. Glucose levels in plasma were not measured.

2.6. Definition of Use of Substances {#sec2dot6-ijerph-15-02100}
------------------------------------

History of alcohol consumption per week was asked. The person with regular weekend use or sporadic use of alcoholic beverages was considered an alcohol consumer. Individuals who smoke at least 10 cigarettes per week were classified as smokers. Carbon monoxide in breath was not measured. People consuming alcoholic beverages or cigarettes were considered users of substances.

2.7. Statistical Analysis {#sec2dot7-ijerph-15-02100}
-------------------------

Descriptive statistics was used to characterize the sample using frequencies and percentages for categorical variables and mean ± standard deviations for continuous variables. The Kolmogorov--Smirnov test was used to analyze whether the continuous variables were under normal distribution. The Kolmogorov--Smirnov test showed *p*-values ≥ 0.20). Dummy codification was used for continuous variables to perform comparative analyses using chi-square tests and obtain estimated odd ratios (95% CI) for individual variables in association with diabetes. Age was categorized using a cutoff value of up to 50 as previously reported \[[@B27-ijerph-15-02100]\]. For level of education, six years of elementary school was the value to categorize the sample as this level of education is considered the minimum to have in Mexico. BMI was dichotomized in normal and overweight/obesity in accordance with international obesity task force criteria, and systolic and diastolic BP values were categorized according to Mexican official norm NOM-030-SSA2-1999. Subsequently, multivariate analysis using multiple logistic regressions was performed to evaluate the combined relationship of several factors associated with diabetes among the overall population after adjusting for confounding variables (in this analysis we included socio-demographic, anthropometric, and clinic characteristics as explanatory variables). Results are presented as adjusted odds ratios (AOR) with 95% CI, which express the magnitude of the relationship of each category on the outcome relative to the reference category. Prevalence was calculated using EPIDAT 3.1 software (software for epidemiologic analysis of tabulated data, v. 3.1). Other calculations were performed with the SPSS version 14.0 software (SPSS Inc., Chicago, IL, USA). The level of significance was set at *p* = 0.05.

3. Results {#sec3-ijerph-15-02100}
==========

3.1. Descriptive Characteristics {#sec3dot1-ijerph-15-02100}
--------------------------------

The socio-demographic characteristics of the participants are summarized in [Table 1](#ijerph-15-02100-t001){ref-type="table"}. The larger number of participants were females (53.20%); of these, 54.0% were married and 36.20% were single. The main occupations were classified as part-time job (41.00%) and housewife (29.00%). The mean age was 37.27 ± 13.44 years old with a range of 18--79. The mean level of education was 5.01 ± 4.63 years, with a range of 0--21 years of school education. The mean body mass index was 27.92 ± 4.31 (range 20--45.87). The mean systolic BP was 116.28 ± 11.12 (range 70--170) and the mean diastolic BP was 78.22 ± 9.78 ([Table 1](#ijerph-15-02100-t001){ref-type="table"}). Significant differences emerged between groups in terms marital status, occupation, age, education, and body mass index ([Table 1](#ijerph-15-02100-t001){ref-type="table"}). Patients with diabetes mellitus were predominantly married. They worked full time and had a higher body mass index.

3.2. Prevalence of Type 2 Diabetes and Obesity {#sec3dot2-ijerph-15-02100}
----------------------------------------------

In the overall population, 12.52% (95% CI: 10.67--14.38) were positive for diabetes. The prevalence of type 2 diabetes was 15.52% (95% CI 12.26--18.80) in males and 12.90% (95% CI: 10.17--15.64) in females.

3.3. Coffee Consumption {#sec3dot3-ijerph-15-02100}
-----------------------

In our sample, from the 1277 participants, 77.29% (95% CI: 74.95--79.60) were coffee drinkers.

[Table 2](#ijerph-15-02100-t002){ref-type="table"} summarizes the results of univariate and multivariate analyses for the relationship between the number of cups of coffee per day and the presence of diabetes. No relation between coffee consumption and type 2 diabetes was observed. When compared with the daily consumption of 4 or more cups of coffee, we found the following adjusted odd ratio (AOR) values: 1.20 (95% CI 0.59--2.41) for non-daily consumption, 1.66 (0.82--3.34) for 1 cup daily consumption, and 1.49 (0.78--2.86) for to 2--3 cups.

4. Discussion {#sec4-ijerph-15-02100}
=============

From 2000 to 2007, 477,036 individuals died of diabetes mellitus in Mexico \[[@B28-ijerph-15-02100]\]. Diabetes mellitus was the second cause of death claiming 9.7% of total deaths \[[@B29-ijerph-15-02100]\]. The mortality rate increased from 77.9 in 2000 to 89.2 in 2007 per 100,000 inhabitants \[[@B28-ijerph-15-02100]\]. In consequence, we estimated the prevalence of type 2 diabetes mellitus in our population and analyzed the prevalence of coffee consumption for a possible association between coffee intake and a Tabascan population who self-reported type 2 diabetes mellitus. To our knowledge, this is the first study evaluating this association in the Mexican population. The present study failed to detect any association between coffee consumption and a decrease of self-reported type 2 diabetes mellitus.

In the population studied, we found a diabetes mellitus prevalence of 12.52%. Although it is considered high, it was an expected result, because the National Survey of Healthy and Nutrition 2012 showed that the prevalence of diabetes mellitus in Tabasco State is higher (9.4%) than the national average (9.2%) \[[@B30-ijerph-15-02100]\]. Many factors could be associated to this high prevalence i.e., the diet of the local population \[[@B31-ijerph-15-02100]\]. In recent years, coffee intake has been associated with a lower risk for type 2 diabetes in several studies \[[@B12-ijerph-15-02100],[@B19-ijerph-15-02100],[@B32-ijerph-15-02100],[@B33-ijerph-15-02100],[@B34-ijerph-15-02100]\]. This has been observed in caffeinated and decaffeinated coffee \[[@B35-ijerph-15-02100]\]. However, in our study, we did not encounter evidence for an association between coffee consumption and self-reported type 2 diabetes. There is only one other study that has reported this lack of association \[[@B36-ijerph-15-02100]\]. It is likely that the geographic localization of the sample where the study was performed and the tribal customs related to coffee consumption may have contributed to this lack of association \[[@B37-ijerph-15-02100]\].

There are a number of possible reasons for the lack of association between coffee consumption and the protective association with type 2 diabetes mellitus that we considered. First, the number of participants in our study may not be large enough to show a difference between the coffee consumption and the presence of self-reported type 2 diabetes. Second, alcohol and cigarette smoking were a covariate that influenced our results, since the prevalence of substance use in our sample was 31%, which is higher than what has been reported in other Mexican populations \[[@B38-ijerph-15-02100]\]. Other possible explanation may be that the inverse association between coffee consumption and diabetes was observed only in a specific age group. For example, in our study, the mean age was 37.27 ± 13.44 years old, and studies in other populations included older patients: 50--70 years of age \[[@B15-ijerph-15-02100]\], 40--60 years old \[[@B11-ijerph-15-02100],[@B39-ijerph-15-02100]\], and 45--75 years of age \[[@B34-ijerph-15-02100],[@B37-ijerph-15-02100]\]. Another possibility may be the small consumption of coffee in our population. The average coffee consumption in the Mexican population is only 161 mL per day in individuals 19 years old and older \[[@B40-ijerph-15-02100],[@B41-ijerph-15-02100]\]. This amount is lower than the standard coffee cup serving size of 240 mL. However, the inverse association between coffee consumption and diabetes has been observed in China, which is a country with a coffee consumption rate similar to that of Mexico \[[@B11-ijerph-15-02100]\]. Interestingly, a non-protective effect of coffee consumption in type 2 diabetes has been observed in studies that evaluated the association between coffee consumption and coronary heart disease in a Mexican population \[[@B42-ijerph-15-02100]\].

As a limitation of our study, glucose levels were not quantified to confirm the diagnosis of diabetes mellitus. Second, we did not utilize a questionnaire to evaluate food intake and physical activity. Third, in North America and the Caribbean, it has been estimated that 29.2% of the population have been undiagnosed with diabetes mellitus \[[@B1-ijerph-15-02100]\], and this can lead to outcome misclassification and attenuation of risk estimates. Fourth, people who drank decaffeinated coffee were not evaluated. Future studies are needed to explore the role of decaffeinated coffee and type 2 diabetes mellitus in our population. Fifth, the long-term relationship between coffee consumption and type 2 diabetes mellitus prevention in older individuals was not evaluated. Our results should not be generalized for the entire Mexican population, as only individuals of one city were evaluated. The most important limitation of the present study is its cross-sectional design. Even though our results showed no association between coffee intake and diabetes, future longitudinal studies, specifically a cohort study, may give clearer results about this lack of association or even show that there can be an association that is evidenced with the passage of time.

5. Conclusions {#sec5-ijerph-15-02100}
==============

In conclusion, our results yielded a lack of association between coffee intake and self-reported type 2 diabetes in a population of Southeastern Mexico. However, low coffee consumption in our population, sample size, average age, and methodological differences with other studies contributed to the lack of association, and future studies that overcome these limitations should be carried out.
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###### 

Association between socio-demographic and clinical characteristics divided by type 2 diabetes of the populations in the study.

  Characteristics       All Sample *n* (%)           With Diabetes   Without Diabetes   OR (95% CI)   *p*-Value               
  --------------------- ---------------------------- --------------- ------------------ ------------- ----------------------- -------------
  Gender                Male                         597 (46.80)     69 (43.10)         528 (47.30)   0.84 (0.60--1.18)       0.32
                        Female                       680 (53.20)     91 (56.90)         589 (52.70)                           
  Marital Status        Married                      690 (54.00)     100 (62.50)        590 (52.80)                           **\<0.01**
                        Single                       463 (36.20)     37 (23.10)         426 (38.10)                           
                        Widowed                      67 (5.20)       10 (6.30)          57 (5.10)                             
                        Separated/divorced           57 (4.50)       13 (8.10)          44 (3.90)                             
  Occupation            Unemployed                   38 (3.00)       5 (3.10)           33 (3.00)                             **\<0.001**
                        Housewife                    370 (29.00)     47 (29.70)         323 (28.90)                           
                        Student                      70 (5.50)       3 (1.90)           67 (6.00)                             
                        Half-time job                524 (41.00)     29 (18.10)         495 (44.30)                           
                        Full-time job                275 (21.50)     76 (47.50)         199 (17.80)                           
  Age (in years)        Up to 49                     1051 (82.30)    99 (61.90)         952 (85.20)   **0.28 (0.19--0.40)**   **\<0.001**
                        \>50                         226 (17.70)     61 (38.10)         165 (14.80)                           
  Education             Up to 6 years of schooling   807 (63.20)     84 (52.50)         723 (64.70)   **0.60 (0.43--0.84)**   **\<0.01**
                        \>6 years of schooling       470 (36.80)     76 (47.50)         394 (35.30)                           
  Body mass index       Up to 25                     460 (36.00)     38 (23.80)         422 (37.80)   **0.51 (0.34--0.75)**   **\<0.001**
                        \>25                         817 (64.00)     122 (76.30)        695 (62.20)                           
  Use of substances     Yes                          397 (31.10)     59 (36.90)         338 (30.30)   1.34 (0.95--1.90)       0.09
                        No                           880 (68.90)     101 (63.10)        779 (69.70)                           
  Systolic BP (mmHg)    Up to 120                    1073 (84.00)    126 (78.80)        947 (84.80)   0.66 (0.44--1.00)       0.05
                        \>120                        204 (16.00)     34 (21.30)         170 (15.20)                           
  Diastolic BP (mmHg)   Up to 80 mmHg                1024 (80.20)    123 (76.90)        901 (80.70)   0.79 (0.53--1.18)       0.26
                        \>80 mmHg                    253 (19.8)      37 (23.1)          216 (19.3)                            

significance in bold.
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###### 

Relationship between coffee consumption and prevalence of diabetes after adjustment for potential confounding factors.

  Coffee Consumption   No. of People *n* = 1277   Prevalence of Diabetes *n* (%)   Without Diabetes *n* (%)   OR (95% CI)         Multivariate OR (95% CI), *p* Value \*
  -------------------- -------------------------- -------------------------------- -------------------------- ------------------- ----------------------------------------
  Nondaily             290 (22.70)                36 (12.40)                       254 (87.60)                1.31 (0.67--2.57)   1.20 (0.59--2.41), 0.60
  1 cup/d              248 (19.40)                38 (15.30)                       210 (84.70)                1.68 (0.86--3.28)   1.66 (0.82--3.34), 0.15
  2--3 cups/d          605 (47.40)                73 (12.10)                       532 (87.90)                1.27 (0.68--2.37)   1.49 (0.78--2.86), 0.22
  ≥4 cups/d            134 (10.50)                13 (9.70)                        121 (90.30)                Reference           Reference

\* Adjusted OR for age, body mass index, gender, marital status, education, systolic BP, diastolic BP, alcohol consumption, and smoking habit.
